The goal of this study was to evaluate the effects of clove (Syzygium aromaticum) supplementation levels on performance, blood parameters, and immune response of broilers. A total of 336 one-day-old broilers were assigned to one of eight treatments: 1% to 6% clove supplementation levels, a positive control (vaccinated) and a negative control (unvaccinated). Bodyweight gain, feed intake, feed conversion ratio, serum protein profile, and immune responses were measured weekly. Lymphoid organs were weighed at 21 and 35 days. Levels of dietary clove between 2% and 6% supplementation resulted in a gradual decrease in weight gain and feed intake with an increase in feed conversion ratio at two and three weeks, whereas those that received 4% to 6% supplementation had reduced weight gain and the 3% to 6% supplemented animals consumed the least amount of feed at four and five weeks. High levels of clove supplementation (4%, 5%, and 6%) resulted in reduced total serum protein and albumin and the greatest activity of aspartate aminotransferase at 35 days. Antibodies to viruses against which the birds had been vaccinated were not affected by different levels of clove supplementation compared with the positive control. However, they were increased in birds in the negative control group without vaccination. Relative weights of lymphoid organs were not affected by any treatments at 21 and 35 days. These results indicate that clove supplementation at levels greater than 2% can lead to negative effects on performance without improving the health of the liver and immune responsiveness of broilers.
Introduction
Antibiotics have been used for many years in poultry feed to promote growth and to discourage or eliminate specific pathogenic microorganisms (Gadde et al., 2017) . However, the poultry industry is currently moving toward the reduced use of antibiotics because of increased concern about antibiotic-resistant bacteria and antibiotic residue in meat and eggs (Mashayekhi et al., 2018) . The European Union (EU) issued a ban on the use of antibiotics in animal feed in 2006 (Belal et al., 2018) . However, researchers contend that herbs, medicinal plants and spices may be alternatives to antibiotics for promoting animal health (Vijayasteltar et al., 2016; Al-Shammari et al., 2017) . Cloves, cardamom, anise, ginger, black pepper, and cumin are a group of aromatic plants that are used widely due to their positive effects on growth and health of poultry, probably as a result of their immune stimulatory properties (Chowdhury et al., 2018; Kunnumakkara et al., 2018) .
Cloves (Syzygium aromaticum) are considered one of the most versatile spices. They contain a large number of biologically active compounds, such as eugenol, eugenol acetate, and β-caryophyllene (Jimoh et al., 2017) . Eugenol is the most biologically active compound in cloves and makes up 70-80% of clove oil (Al-Shaikh & Perveen, 2017) . Many studies have evaluated the effects of clove powder (CLP) on performance, immune response, blood parameters, and lymphoid organs in broiler chickens (Mustafa, 2016; Mahrous et al., 2017) .
In this study, the authors hypothesized that the use of various levels of CLP might have a differential effect on the performance, blood biochemistry and immune responses in broiler chickens. Therefore, the purpose of this study was to evaluate the effects of various levels of CLP on performance, immune responses, blood parameters, and lymphoid organs in broiler chickens.
Materials and Methods
Clove seeds were purchased from a herbal shop in Riyadh City, Saudi Arabia. It was ground into powder at the College of Food and Agriculture Sciences, King Saud University, Kingdom of Saudi Arabia. The CLP was then added at various levels of concentration in broiler diets. Thus, the CLP used in the study was derived from dry buds of clove.
Three hundred and thirty-six one-day-old mixed-sex broiler chicks (Ross 308) were obtained from a commercial hatchery. Based on similar bodyweight, all chicks were divided randomly into 48 replicates (seven birds per replicate). Feed and water were made freely available to birds during the entire experimental period. The birds were housed in battery-powered electrically heated replicates, with an initial temperature of 35 °C, which was gradually reduced to reach 22 °C at 21 days old. It was then maintained at this temperature for the remainder of the 35-day period. The corn-soya-based diets were formulated according to the recommendations of the National Research Council (NRC, 1994) and Ross management guide, including a starter (23% crude protein and metabolizable energy 3000 kcal/kg feed) from 0 to 14 days), and finisher (20% crude protein and metabolizable energy 3100 kcal/kg feed) from 15 to 35 days (Table 1 ). The diets were supplemented with six levels of CLP (1%, 2%, 3%, 4%, 5%, and 6%, based on their basal diet) to form six clove treatment diets along with a positive control (vaccinated birds without CLP) and a negative control (unvaccinated birds without CLP). All treatments and control diets were allocated to six replicates/cages of birds. The chickens were vaccinated by nasal instillation against Newcastle disease at 5 and 22 days of age (HB1 and LaSota strains). Similarly, they were vaccinated against infectious bronchitis (H120 strain). They were vaccinated against infectious bursal disease (D78) by nasal instillation at 14 days of age. The vaccinations were based on recommendations of the Ministry of Agriculture in Saudi Arabia.
The weight of chicks and their feed consumption were recorded weekly for each replicate. The average body weight gain (BWG) and feed conversion ratio (FCR) were calculated for each treatment group. The mortality rate was recorded daily.
At 7, 14, 21, 28, and 35 days, 3 ml blood was collected from the wing vein (brachial vein) from 18 birds per treatment and centrifuged at 3000 rpm for 15 min. Serum was separated and stored at -80 °C until analysis was performed. Serum total protein, albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were measured using reagent kits according to the manufacturer's instructions (Randox, Laboratories, Ltd., Crumlin, UK) via a spectrophotometric analyser (UDICHEM 310, United Diagnostics Industry, Dammam, Kingdom of Saudi Arabia). To determine serum globulin, albumin concentration was subtracted from serum total protein according to Albaadani et al. (2018) . Enzyme-linked immunosorbent antibody assay (ELISA kits were used according to the manufacturer's instructions (IDEXX, Europe B.V., Hoofddorp, The Netherlands) for lymphoid organ measurements included antibody production against the vaccinated viruses (NDV, IBV, and IBDV).
At 21 and 35 days of age, six birds per treatment were randomly selected based on the average weight of birds subjected to the same treatment and slaughtered. The carcass was dissected to separate the lymphoid organs (thymus, bursa, and spleen) and weighed to calculate the percentage of the thymus, bursa, and spleen to live bodyweight.
The experiment was conducted in a completely randomized design. The following statistical model was used for the experiment:
Where: μ is the general mean T i is the effect of treatment (i = 1, … , 8) e ij is the random error associated with Y ij observation
The data were analysed using the general linear model procedure of SAS (SAS Institute Inc., Cary, NC., USA). The statistical differences between means were tested using Tukey's test (P <0.001). All values were expressed as statistical means ± standard error of the mean (SEM).
Results and Discussion
Effects of all dietary treatments on performance are presented in Table 2 . In the current study, the inclusion of various levels of CLP from 2% to 6% resulted in a gradual decrease (P <0.0001) in bodyweight gain (BWG) and daily feed intake (FI) with a gradual increase (P <0.0001 and P =0.015, respectively) in FCR at two and three weeks old, compared with those of 1% CLP and the controls (positive and negative). However, the inclusion of CLP at 4% to 6% caused a decline in daily weight gain, as well as when 3% to 6% of CLP was added to feed intake, compared with other treatments, without any change in FCR in all dietary treatments at 4 and 5 weeks old.
An increased level of cloves, beyond 2% of the diet, led to a negative effect on performance, which may have been caused by an adverse effect on the palatability of the feed. However, the current results agree with those of Mohammadi et al. (2014) , who found that broilers supplemented with clove oil (100 mg/kg, 300 mg/kg, and 500 mg/kg) did not grow linearly and had decreased growth performance and total feed intake with the addition 500 mg of cloves/kg of diet. Similarly, Agostini et al. (2012) used various levels of clove oil (100, 200, 1000, and 2500 mg/kg), which exhibited decreased growth performance at 1000 and 2500 mg/kg. In another study by Mukhtar (2011) , clove oil at 200, 400, and 600 mg/kg in the diet of birds improved growth performance. In a recent study by Mahrous et al. (2017) , no significant differences in growth performance (BWG and FCR) were observed when broiler chickens were fed clove bud supplements at a rate of 0.5 and 1.0 g/kg diet, but performance deteriorated in groups supplemented with higher levels of cloves (1.5 g/kg diet). Effects of dietary CLP on total protein, albumin, and globulin in serum of the broilers are shown in Table 3 . Concentrations of serum total protein in all treatments were similar at 7 and 14 days old. However, the concentration of serum total protein was significantly reduced at day 21 (P =0.04) in groups that received high levels of CLP at 5% and 6% of diet, compared with birds in groups that received 1%, 2%, and 3% of CLP. Serum total protein concentration decreased significantly (P =0.03) in comparison with groups that received 1% CLP against the same treatment groups (5% and 6% CLP/kg of diet) at day 28. In addition, serum total protein concentration decreased significantly (P =0.02) in treatment groups that received high levels of CLP (4, 5, and 6% of diet) compared with birds in treatment groups that received 3% of CLP in the diet at day 35. However, birds in all treatment groups did not differ significantly compared with the control groups (positive and negative control). Birds that received 5% and 6% of CLP showed reduced albumin levels compared with the positive control. However, birds that received lower levels of supplementation had similar levels of serum albumin and did not differ from either control at 35 days of age. Albumin levels in all treatments were not influenced at younger ages (7, 14, 21, and 28 days of age). Levels of globulin were not affected by treatments at any age (P >0.10). These results agree with those of other investigators, who reported that total serum protein, albumin, and globulin levels of birds were not affected by 0.5% CLP compared with those of the control group (Tariq et al., 2014) . Furthermore, Chowdhury et al. (2018) used dietary clove bud oil at 0.6% and did not report a significant influence on serum total protein in broiler chickens.
Many medicinal herbs and plants have similar effects on the blood biochemical profile in poultry. For example, Hassan and Awad (2017) stated that 0.2%, 0.5%, and 0.8% dietary supplementation with thyme powder in broilers did not affect serum total protein, albumin, and globulin when compared with that of the control group. Saeid et al. (2010) reported that 0.4% and 0.6% of ginger had no significant effect on serum total protein, albumin, and globulin compared with that of the control group in broilers. However, Natsir et al. (2017) showed that a mix of garlic and Phyllanthus niruri at 1.2% of the broiler diets had no significant effects on serum globulin, whereas significant differences were observed in serum total protein and albumin compared with the control group. Furthermore, Jafari et al. (2011) reported that dietary garlic powder supplementation at the levels of 1% and 3% had no effects on serum globulin in broiler chicks, but it tended to decline with age. Liver enzyme activity levels were not affected (P >0.05) by treatments at all times of collection (7, 14, 21, 28, and 35 days old), except that AST activity was greatest in birds that received high levels of cloves at 5% and 6% compared with all other treatments at 35 days old (Table 4 ). The AST enzyme is one of the biomarkers of liver functions. Thus, the high AST levels observed in treatment groups that received 5% and 6% levels of CLP per kg of diet may be an indication that CLP at those concentrations can adversely affect liver function, and damage often results in abnormally heightened levels of liver enzymes (Kaplan et al., 2003) . There were no studies on the effects of inclusion of high levels of CLP in broiler chicken diets on serum biochemical parameters, including total protein, albumin, globulin, AST, ALT, and ALP. Many researchers have studied lower dietary levels of CLP compared with the current study. For example, Mahrous et al. (2017) used concentrations of CLP at 0.5, 1.0, and 1.5 g/kg in the diet of broiler chickens and found that ALT activity was not significantly affected at the third and fifth weeks. Mustafa (2016) showed no significant differences in AST, ALT, and ALP enzyme concentrations when broiler chickens were fed mixed essential oils (clove, anise, and caraway) at a rate of 200, 400, and 600 mg/kg feed. However, the ALP enzyme proportion was slightly decreased at 600 mg/kg.
In other species, dietary supplementation with cloves has had mixed effects. Hoseini et al. (2011) used 300, 500, and 700 mg/L of CLP and observed no effect on serum levels of AST, ALT, and ALP in beluga sturgeon (Huso huso). Moreover, Vijayasteltar et al. (2016) reported that CLP inclusion at 0.25, 0.50, and 1.0 g/kg in the diet of rats did not affect AST, ALT, and ALP activity. In another study, Velisek et al. (2005) used clove oil at 0.3, 0.5, 0.7, 0.9, and 1.1 g/L and reported unchanged AST, ALT, and ALP in carp. Kazi et al. (2017) also used CLP at 1 g/kg and observed no effects on AST, ALT, and ALP activity in rabbits. Moreover, the actions of AST and ALT showed no significant differences for all treatments in rats fed clove extract at 250 and 500 mg/kg diet (Saeed et al., 2017) . In another study, Mustafa (2016) showed no significant differences in AST, ALT, and ALP enzyme concentrations in broiler chickens fed mixed essential oils (cloves, anise, and caraway) at a rate of 200, 400, and 600 mg/kg feed. However, ALP activity was slightly decreased in broiler chickens fed 600 mg/kg feed compared with that of the other groups. An experiment conducted on the fish Labeo rohita by Asimi & Sahu (2016) indicated that the concentrations of ALT, AST, and ALP enzymes in liver and muscle were decreased in groups fed 0.5 and 1.0% clove extract compared with that of the control group. Furthermore, Gashlan & Al-Beladi (2017) observed a decrease in liver AST, AST, and ALP in rats fed clove oil at 300 and 600 mg/kg feed compared with the control group. Antibody titers against NDV vaccine at 28 days were significantly (P <0.05) greater in 1%, 2%, and 3% CLP groups compared with both the positive and negative controls (Table 5) . However, at 14 and 35 days old, greater (P <0.05) antibody titers were observed among the vaccinated birds compared with the unvaccinated birds (negative control). Nonetheless, the various levels of CLP did not show significant effects on the titers of antibodies that are specific to NDV compared with the positive control in the first and third weeks old (Table 5) .
Antibody titers against the IBV vaccine at 28 and 35 days showed a significant (P <0.05) difference between the vaccinated birds and the unvaccinated birds, whereas the negative control had a lower antibody titer compared with that of other treatments. However, no significant (P >0.05) differences were observed between the broilers that fed on CLP and the positive control group (Table 5) . The antibody titers against IBDV were significantly (P <0.05) increased at day 28 in treatments with 1%, 2%, and 4% CLP compared with the positive control group. There was also a significantly (P <0.05) increased antibody titer against IBDV in the 3%, 5%, and 6% CLP, and positive control groups compared with that of the negative control (Table 5) .
These results agree with those of other investigators, such as Chowdhury et al. (2018) , who noted that dietary inclusion of clove bud oil at 0.6% increased the antibody titers against NDV in broiler chickens at the age of 28 and 35 days. Furthermore, Gandomani et al. (2014) found that antibody titers against NDV and IBDV were improved in laying hens fed diets supplemented with 0.2 and 0.4% CLP compared with those of the control group. In addition, Mehr et al. (2014) showed that dietary clove oil at 0.45 g/kg significantly increased immunoglobulin M and T cells. Similarly, Bello et al. (2016) reported that clove is a potent immunomodulatory agent that can improve B cell functions, humoral responses, and immunoglobulin (IgA, IgG, IgM) levels. Furthermore, Mahrous et al. (2017) found that the levels of serum immunoglobulin (IgA, IgG, and IgM) were significantly (P <0.05) increased in broiler chickens fed diets supplemented with 1.0% and 1.5% CLP. On the other hand, the exact mechanism by which clove and other phytogenic feed additives stimulate the immune responses in chickens and other animals is mostly unknown (Nimmerjahn & Ravetch, 2010) . It is possible that clove and other herbs act as additional bonds with immunoglobulin molecules at the Fc receptors, which stimulate the immune response (Ahmed et al., 2013) . In contrast to the results of this study, Najafi & Torki (2010) noted that antibodies against NDV did not differ significantly in broiler chickens fed a diet supplemented with 200 mg/kg of clove oil for 42 days. Also, Mehr et al. (2014) found that dietary inclusion of clove oil at 0.15, 0.30 g/kg did not affect antibody titers against NDV and avian influenza in broiler chickens. Moreover, Poorghasemi et al. (2017) reported that antibody titers against NDV and IBDV were not affected by dietary lemon balm supplementation in broiler chickens. Additionally, Toghyani et al. (2011) stated that antibody titers against avian influenza virus and NDV were not significantly different in broiler chickens fed diets supplemented with 2 g/kg and 4 g/kg of cinnamon bark powder. Similarly, Soltan et al. (2008) showed that the antibody titer against NDV was not significantly different in broiler chickens fed diets supplemented with anise seed compared with that of the control group.
Relative weights of lymphoid organs are presented in Table 6 . There were no significant treatment effects on the relative weights of bursa, spleen, and thymus at 21 and 35 days old. These results agree with those of Chowdhury et al. (2018) , who observed that CLP supplementation at 0.6% concentration did not affect the relative weights of the lymphoid organs. In contrast, Gandomani et al. (2014) found that a rise in clove bud powder content resulted in increased relative weight of the spleen of laying hens. This inconsistency may be attributed to the differences in the sources of the clove plants, the levels of CLP, and diet composition or environmental conditions. 
Conclusion
An increased level of cloves (greater than 2%) had a negative effect on performance of broiler chickens, which may be attributed to an adverse effect on the palatability of the feed without affecting the health of the liver and immune responsiveness. Further research is essential to clarify the mechanism behind this effect.
